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(54) NITRIDE SEMICONDUCTOR ELEMENT, LIGHT EMITTING ELEMENT AND THEIR 
MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the crystal 
defect density of dislocations, laminate defects, 
defective tubular holes, etc., by forming a desired 
element structure on a nitride compd. semiconductor 
layer involving a first region having vertically 
extending through-dislocations and second region 
released from the dislocation, other than the center 
part. 

SOLUTION: On a sapphire substrate 20, an Si02 
mask 21 having openings 21a of 2 U m in diameter at 
spacings of 10 JU m is formed, the sapphire substrate 
20 with the mask 21 is introduced in a region chamber 
of an MCVD apparatus, then thermally cleaning is 
made to remove moisture and natural oxide film, a 
GaN buffer layer 22 is formed on the sapphire 
substrate 20 with the mask 21, and the substrate 
temp, is raised after growing the buffer layer 22 to 
form a GaN layer 23. From the sectional TEM 
observation, the through-dislocations 25 locate only 

approximately at a central part of the Si02 mask 21 and the crystal defect little exists at 
other parts. 
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77122 ftj?£ft't^ 110 0 "CfdfSlfTT^ 

StFfU TMG^tJ&Sft 1 0 0 C c/^-iwtgADLfco ?s 
iioO 'CCiiJIlttGa NJf 2 3 ft 1 ftf&fSM. 
U 2AmOlft:)[JfillLJ:. 

[0 0 5 9] ftV^TN d©i-5tr tT?f e>nfeS®6icS 
GaNJf2 3 tZOWT, ?7 *n y»'!KSVX|gl|5J*fte 

Jf2 3A s f#e>ft, XH^tWIttl. 2 arcmin , U 
T'iltJgS x 1 0 15 cm" 3 (nS) , 0 0 

cm 2 /V • sec «£*aT?tt»6i'l&a»o£l5SK 

JimT^it (TEM) tfgftff ^fct^^ S&i&SiJt* 
G a NJf 2 3 +©Sitg{i&JSti£) 1 x 1 0 6 c m _2 (C 
{£i&£ftT:fc?K S£*i£T-^bfcGaNJl©fiate{4 
m&omi/l 0 OT-fe^fc 
[0 0 6 0] M®7EMWim\Zi.Z,t, n'M&ft 
2 5t±S i 0 2 ^7<> 2 1 bT 

*<D{fc(D&Mz(£%£&ik!Km£mfr-3fzo zn 

SBT-#^©raaa52 1 a*e>7r7MIL£SSA^ 

[0 0 6 1] »*S, *iaBB!St-«t, {SlS/^y7 7J12 
2ft|£l7, *©±»Cj8Sia«ftGaNS2 3 4}&fiS;bfe 
* s s *f5WK:J:S»JS*SK:«tnttx 77^2 ltM 
•TSMPgi52 1 a©ffi«* s *H»^©«td(-'J^V^ 
^(c fgigA 7 r JBM bT- * f5j«©^H* ! ?# e> n 

[0 0 6 2] z<D£o£*nimm£±tu£, y-7 7"( 

7-»fi2 0±t§BP2 1 aS«t5S i 0 2 V7i) 2 1 
fti$t7\ 77^2 1©B8P2 1 a ft fit: bTf£fgfi!c*G 
aNy^7 7i»2 2MHiSfiEfiGaNf 2 3 ft^fiST 
SCiilcitis «Igfitv7^ 2 1 ©iiti"4 ) *gC©<fr 
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- [0 0 6 3] fc*>\ *HM^tl±MOCVDj£SfflO 

(MB E) i££ffl^-t^£^o_ 
[0 0 6 4] (£2 Oillf^) 0 4 tt, *«m3©»g2 

[0 0 6 5] 1t77^f7StS3 0±t:, fggC3 1 a?:* 
nsi0 2 *»e>fi£5^^^ 3 1 #jfM£*U 
l(Dm&3 1 afc&MOC VD&K«fc ?) f£i£G a N/W 

/W 7713 2±tC{±, 7T7Mfi5?<Jfflbt7>h- 

-7*GaNTffi|3 3 a s JfM£nT^3o 
[0 0 6 6] G a NTifeJ! 3 3±{Cl±x n^GaNn> 
M35, nSAlGaN*tSt?£AS3 6, n<Pj|G 
aN^ij'-f HI3 7, ^fiS^F? (MQW) #fii£W 
t5 InG a N^rSttJB 3 8 , pffi'JG a Nfttf-T FJB 3 
9, pSA 1 GaNmfliu£AJ!4 0, pSGaN^^ 
f M4 1 ^©HBT-^f&^ftT^Sc 
[ 0 0 6 7 ] ±ia§-/itfSii©-g|SG\ nlGaND^ 

^tbbfc=!>^^ hJ13 5±lCn{P.ijm©4 2#Jfc 

IGaN3^^ h/f 4 l±i;(±«??it<K?pC9t«)S iO 
2 H 4 3#jg*RfftCff^£*U CfflSi0 2 I4 
p§JGaNn>^^ Ml 4 1 ±K p{P.iJ«M4 4 

[o 0 6 8] *m.ffi.%m(D*m{*\s-- y-ommn 

«SlfflJSRJI (MOCVD) SK.fctH'frSLfc. 

>>A (TMG) , h U^^SM/TVl/?- 1 ^ (TMA) , 
h'J/^KVy^A (TMI) , tX^O^>*y 
ai-^t/V^^i/^A (Cp 2 Mg) #*Ji*4£: 
UT> (NH 3 ) , ~>7> (SiH 4 ) Srffl 

fc. 

[0 0 6 9] £Tf\ tf77-f 7-*t£3 0±(^ 05 
f <fc-3&5 0/zmfflPSC*ffiBttC» (MOW) 3 1 a 
£ISJ7;tSi0 2 frb&ZTZ* 3 l&BJ&TZ* tt.^ 

X\ vx<7 3 1 »a»tJ:-3T«au& 

&\ C©f y 7 4 Tm&3 0 grMOC V DgSfi©£]fr*P 
ftt^AU 1 2 0 0'C, 1 0ftffl(DV—-?Jl'7 <) 

[0 0 7 0] ir-b7"*iSJS££ 5 0 0'C(I±# 

Us ffliiSfiEftG a N/N' v 7 rm 3 2 & 3 #fMf|-f 5. 
^MttHr^iffiffiS 1 1 0 0*CK#iBU 1 10 0*0 



(CfUaUfcgfe** ';7^kLT*3R62 0. 5 L/ 
5h 7^-7&9. 5L/^, TMGSlOOcc/ 

2/im©7> K-:7GaNTJfelf 3 3*JBJEK1"4. 
Kru £f?7^ 3 UCjfMOfcSf 3 1 &ftM#)&£ti, 

-7GaNTW3 3A s JfM£tt5<> 
[0 0 7 1] ifcl^T, S i H 4 610c c*Dx.x Mffi. 
LtnSGaN3>^i'M35 (JP£4. 0/im) <£ 
JfcfiSUfc. t^T, TMA&6 0 c c/^-OiSST-AQ^. 
S^tUi!), nSAlGaNigjiXI3 6 (J?£ 
0. 2 5>um) SJfcritf*. ££t^©-t£, 7*>K- 
;/GaNTit&Jf 3 4kmm(Df8.gim i ¥T-. GaNW 
KS3 7£ff*6fcUfc. 

[0 0 7 2] -f ©ffc ££S££7 4 0*C*T-»iBU 
* V U 7"*^ S* 0*£S 2 0.5 L/^-) iZ 

tD?)©X.-5o C©h^ yV^E-TOllStaiig . 5L/ 
# N TMGC5iSII±9cc/^i:U TMI©ft«& 
lA 5 140cc/^ 3 0 c c/^h34S(3W!3#x-5 
cttciO, I nGaNMiii3 8£Bfi£Ufc. C© 
I nGaNmr£teH3 8(±, 3*T© I n 0 2 G a 0 . 8 N 

(fJ2nm) #F/f ilIno.05Gao.95N (ff<*4n 
m) KSi*^jS5#lif#P (MQW) JgilS*?- 

[0073] InGa NlRSiSf 3 8 *1&mM, W&M. 
Jg£lftfl 1 0 CCCiWr-S. JSKtS&tfl 1 0 0'C 

0. 5L/#) ^DSx, GaNfttfi' K®3 9, p 
MAlGaNl»iA14 0 (JP£ 0 . 2 5/zm) , p 
SGaN3>i'^M41 0 . 3/zm) d© 

IfMt So pS A 1 G a N«iiit?£A® 4 0 J&JW© 
pSH-/OMt4Cp2 MgOttfellt 2 0 0 cc 
tU piGaN3>i-^ h^4 l©figftB^©Cp 2 M 
g©«*&*«4 5 0 c cat. pSIGaNny^i/ 

4 i©^*m> *«&«e»oot*&*ffiti'» a*^^ 
■;t'*'^ (?£fi2 0. 5L/^) , ^^T-y^e-T- 

19. 5L/0-) 0**51 U *ffiSS$ri 

^Pfsufco iiu T> ; &^7©et^t±> »s?as* s 3 

5 o*ct»ufer«t:ff±ufc. 

[0 0 7 4] W±ffl#ST-fly»3nfcSfMfo&*#ftl/ 

i:^5s «Stf>T¥JS&J««B* J »6ti - C^fc. ^fc, Br 
HaJStt^JKeaSE (TEM) tgg?£ffo;fci:C^ MQ 
Wfi5il$:*-rs I nGaNMfSttiSCI±» fttz£<D& 

■T 5 M Q W tg^ * s (f l£ $ tlT ^ s c t t^mnLx- § . £. 

t, ^^4"©«ifitett^ffi«is I56X10 5 cm' z t 
fgO<t©T*$>ot. 
[0 0 7 5] W±©^«&, ^Jfej-StCiSU— tfffl^Jl 
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ck5U-1fffl#Ji^'C-<±, ft 1 0 10 cnT 2 ©it5&Jg©H 

iiSc(4* s #su, ;in e> ©!£&©#££ ±0, mqwi 

(ft) 5. ifBTEMtl^<t t? . Cft?)©ts' 

h (ft) CDTffl«;ttRiite(ii J *?SEUr^S. -titM 

[0 0 7 6] Ztz. ±IB£»flt;iS©-»£, nSGaN 

U -e0±»fc:Ti/Alj&»&JBR*iHBi««4 2 SJgfiR 
t5, ^Jf«iiT-|&S£ft«£^gP#©pMGa 
Nn>^^ bJf 4 l±(3{±®^SgC0fc«6S i O z J14 
3*l«WtMU ^OSi0 2 I43MplGa 
N3>?? V-Jf 4 l±tp{Ri|m@4 4£Jfcfi£bfco 

[0 0 7 7] «fc» ±&©*«&*-r 
Mbfc 1 )!^^ 3 5 0//mx 5 0 0^mO^§c!l: 

tf£ftt5£bfc. Cffl^l'-tfCtMAlti:: 
5, &:R4 1 7 nmT-^jSJS^ffi-rsCtA s .®I?.^tl 
fee m?<Di)]ftW.I£i£4 . 5 V, bt<^lffi®8£&J£fct 
1. 5 kA/cm 2 T'&ofc. 
[0 0 7 8] eE*St-MUtGa N!MMgf*U— tf 

feU— •tf^tS-rSI^ : F©8SC* s 4 0%g&T-& *fcU 

fc. «*tttJ:*u-- !f*?fc:*iV"»T, u-trftsac 

OS**, XlipSK-^>M-^5Y^i'^A (M 
g) A l l8ttf1'fiU c nW*«aAB «3 Vi' ^ h«4»t 
b T H 5 - i: b fe o 

[0079] c:nc»u*iiif^-ci±, itap^M^* 5 

-tf©W^tS* s ^:*I^fSi±Lfc. fioxT, b— tf«tB 
-T 3 #8 ?©£§?£ t)#8 0%Kl±fc«c»K SfcJB^ffrfr 
4>t£*iS©8» 1 0 0- 1 0 0 OfgFfciElf, 

[0 0 8 0] *Higfl5SlT-ttU-1fto^-CKW 

[0081] (I?; 3 ommm) » 3 oMMBmz-&. 



ICGaN (2/zm) % XliGaAIN (0. 3/im) / 
GaN (2 um) &m&Ltz&&±iZBl£TZ. 
[0 0 8 2] if, ±Ja©4£t£±t: 1 0 /zmll© S i 0 
2 77^^ GaNXIiGa AlNfOai (11-2 

o> taa^isi (i - 1 o o> 2 ( ump^iiT-^ 

±KMOCVDi£tc:J;?K 5~5 0#m©GaNJf £fi!c 
g-f S. j$4t$3MIJ£S i 0 2 ^^±t"5f7MStf 
[gjg£*l, *©gt jfcJU*ff©«MillfcftKSiiii¥gtt# 
£fc, KHigJiS^iS^fl (TEM) g|3!? 
CiSi:^ JtftBrttfcmb U fifcft^ft 

KK&bfcfe{i£j8A 5 (J<J-5£C&5 0 
[0 0 8 3] C©iot:¥ffltf* s &S^ttv R3i^(4S& 

C, ^2©HliEffJ«li:RI#©**«:u— ?m%>mwk*M 
f&U IB]«©^j*(c«t!3 4 i ^f*L'— if£fffi£bfc. ±13 

*\ '-^tiy.±©^tt«:*bfe. 
[0 0 8 4] &*5, *|6JfiJB!B-ettb— trtoixTKW 

bfc*K **wi±afb«83R*i»*i/— tf©*<te>r» * 

-C^-h-tt, *^©«#J9H£XV*8ifcffiKi> J t*#ifc£ 

[0 0 8 5] (as 4 ommmm) m 6 tt, 4 
©safi^ia t « t> 5 s^fts^iff* u —y ©*? *a & 

[0 0 8 6] **jBBJB©*i(M*:b— »f©fti**at*s 
^-f> »77-f TSffi5 0±tZ % Si 
0 2 i:Ti0 2 *6>«5f-JBMtS»i»t:«fc»)«JibT^ 
^bfc7Ai'5l*ffMt4. 77^5 1l:li, 
nTV"S^#, ttflO. 5^m©^PgPA s 5 0//mP^PR 

[0 0 8 7] felT©b— !T*?ffl*Jfit©JKJ<ttMO C 
VD^(C«t»3fffiEbfe. v^^5 1 $rff5^bfctJ"7 7"f 
7S{£5 0±l:^ GaNA-^7 71 (E^-r) * s 2t> 
IH^**Jx5. *©±fflJt:S iSK-^bfcnSGaN 
3>^^M53 (JS^2/zm) fcf&ll-rSo C©B#, 

^/jJoft^E- h'JC^ff b, ¥tH4©^V^*M^^So 
^©±SI3(3S i £ h'-T-bfeff^O. 25/zm 
©nSGa 0 8 A 1 0 _ 2 NtSJStifXJf 5 4 Sricfi-f So 
[0 0 8 8] JS£0. lAm©In 01 Ga 

O.g NfSttS5 5£fiS:S0, mhg|SI:Mg-5 H-7"b 
fcJS^O. 2 5 //m©pSGa 0-8 A l 0-2 N«ISf£A 
J15 6, nSGa 0 , 8 Al 0 2 N*«»*i5 7 4*« 
rtltS, COt.'-l^iA&MOCVDai* 1 ^ 

o iB bs ®«t^/§ 5 7 (ommz, vxYvw^y ■< 
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yum^OBBPfflSiBfiEU t^AI 5 6 Sr-gPSas-T 

[0 0 8 9] &b>T\ ^i/\6BU t M0CVD8IC!| 
AU 1»?15 7fflil:Mg$: K-yitpSGa 
N3>*f h8 5 8**ftt4. p8JGaN3>**b 
J15 8f&ft'&s ^x^SrMOCVD^gA^mOtbt'. 
^e>(^> pSGaN3>*7 h@5 80fJ(S±@tS i 
0 2 i:Ti 0 2 a»6ritS£*K«:».*£ £ 5«JSr5. 
-oi^?> 7* t- 'J V^^-ffiSCtD^IMS© 
T^Kiaxu gl©ESt«5 9 f" 
Vy^Tm^h 0±C)f^nfcSiO 2 hT i0 2 A 1 
^sKS^JfSH 5 l* s s ^2®SM^t&5, 

[0090] y.±£Dioti^$nfcu-- ym&mj&v 
—ass* K^-f aiv^v^i-i t»i^*-rs. $e>i-s 

n^GaNn>^^ hS5 3 ^Sai^-B-T. n{B!l«s&6 
O^JfMI-^o pSGaN3>^^H5 8±l: 

*s P<PJ|«}£6 1 £JfMbs iStC^tia^^/tt 

[0 0 9 1 ] W±©«£?Km£bfc4^f*b 
b#VMI«i£(±9 5mAs ftftmHli 4 . 6VT"feo 

[0092] xmmBmizizm&ytm^mtf-is— ft 

{S, S i0 2 i:Ti0 2 i'? 1 filc5^Ii£^i'5 1 i: 
[0 0 9 3] £fcs '^TiT-Ji^xyNffirtfESiftg. ft 

iptmrnxh Us s&fti'— !fr-«sw** 5 ^*at®M 

&*'Jffl-r -5 d i: (Z <fc y ±I5Fc3SI£J5?jfe Us flg 
J:LtfflUtSi0 2 hTi0 2 5 f'jiJigSr&S* 

[0094] (gs 5 vmm&m m 7 5 

[0 0 9 5] S"Ts nS->U 3y«f£6 OtffS 1 0 0 
nmOMBHbS i0 2 R6 1S, MWrttMt 

O) u -^yc h 7^^ (Cfcts 2 m®l?BPSI$£RSIIS3 5 0Am 



?)> ±K©HP»0*5'y=i>gMbBt6 l£Rfc£bs ?s 
6 1aaMt5. cnc«ty, S/'J 3>SI£6 0£g 
Uv^hSiSt^. COSffiSMOCV 
D^ErtKAtU S i 0 2 AM 6 ia 5 jK«Lfc»r>J.3t:> 

moo o°cx- 1 o^o-y— y 

o° 

[0 0 9 6] JS£2. 0/zmOnSGaNr}> 

*7 hS6 3£jfMbs S i 0 2 JJg6 1 £ll46iiA,£:fif 
SI£ft3o CCDnSGaN=?>^7 VMS 3&S i 0 2 
IK 6 l±ttt7f7Mgf5t^ Sf£* s ^yn>T- 

$0. 25/tmOnSAlGaNt«Li£A164s J?£ 
0. 1 /imcT) I n 0 . 2 5G a 0 7 5 NfStSg 6 5s if ^ 0 . 
2 5^mCplAiGaNt«aAi 6 6, 0 . 3 
//mOpSGaN3>^ hJf 6 7 ^^OJHT-^fiKT 

•So 

[0 0 9 7] M0CVD8BA»65lDttiUfcStx J'Ua 
>«{£6 0©gBiInSS®6 8 S^ST-^fiSc-TSo £ 
fcs pSGaN3y?^ M16 7©*cffi£3feg7fcT-/<* 
-->VL, 'J7h*7ffit:«tt)pS*«6 9«:I9:» 
•So g^^s pSK-O^UfcJBOJSttfbfcs Pfi, 

[0 0 9 8] W±0*fe-e^J«bfc«3ty'f 74-- KC1 

asjtcM*fttti©i y *>f£=37 hT-^fiRt-t zm 

[0 0 9 9] <D»fc?») Hi 8 J±s 6 

®^«U&!BC»i3Sfl-*7*7^ySStSa (DBR) b- 

[0 10 0] S-Ts *77^7afi8 0±CMOCVD 
i£tCj;yfgigGaNMi/77'J§8 2£fi5cftU -£©±Sf5 
C7y K-7G a NT*i 8 3 *i«t 5. m^X, n 
SGaN3>^^M84, nSAlGaNlSiiAi 
8 5. n«GaN##-f NP8 6, flI?#P (MQ 
W) ffiii^WfS InGaN^fSftii8 7s p(PJ)GaN 
Jfe^-f KJi 8 8 , pSAlGaN*i£?£AJf8 9, pi 
GaNrJ>7£ hS9 0*C©IBtl«JIU b— 

[0 10 1] ±s3#Jfffijt©b--iFK{£fflb&VMS*£ 
^s nfGaN3^*m8 4Kilt5*tK7-ri 

f- > (3 i 0 P^* b fcg, MCVD rkx&m 
7>mtS*"Xi:btl^5 OnmCDS i0 2 19 1 * 

iS^bs K^-fi'^^y^T-f^^bfeSC^Crffl^, 4 2 
0 n mr f t)[!ffi©7 h 7-f 7«lCs tKKi 5 0 nra©'^-> 
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IzLX, 7 -yityy^-^^zXS i 0 2 M9 1 
^>^U *«*©» (Matt) 9 1a£WfSSi0 2 
9 1 *JB(R-r5. C©£lft, d©rg9 1 atGa 
bJf 8 4#^£B£ix5. 
[0 10 2] COt, *QX*©»££f?Z>'MOCVDf<!E 
SrtK&U y>K-7 , OGaNI9 2S10 0nmO 

4t5. nSGaN18 4tnSAlGaN18 50^ 

pSGaN19 0©±Kp£!«lS9 4&Ztl?tlB 

[0103] Zo UTffcS Ufc*«f*U-"!fK««aA 
Lfci: 4 2 0 nmO^±(C^fe{bUfel^-1f^* s 

StK-eSfc. GaNS*»IS9 2©«Sfc:tt, 4 2 0 nm 
/^KJ© SiO z CDXh7-f X 2 9 1 *^fit5 
«>, jf«aSrttA^fe4 2 0 nml.SfflSISti7fc)t 

7T7Mftl:|i|fflbTl^feGaNT-fe5©t\ 5£{£ 

[0 10 4] U— !ffll£»yt6fiR«-f 4 
2 0 nmMlSSCS i 0 2 7 h 5-f 7*«:ffMUT*iJt^ 
fSj«0^riST-Stt@©Tlc/DW4 2 0 nm©!!!^^ 

K^*»as (dfb) is-yzftf&-rzz.tt>Bjfig 

[0105] UJb, ±KIB 1 Tb'g.W. 5 ©HaeBJBTf Ok 
^ t- 7 ; u«* £ {g it * -a- £ fc to c ffl i. > 5 v x >7 um h b 

T, £tdS i 0 2 i 0 2 ^m^tzWi^-OKsXWL^ 

\^tz*K sio 2 , Tio 2 oymz, mwtomb&fo* 

a#f*0^ftiSJtt-feS 1 0 0 0°Cfcl_h©SKT-»:5U4£ 

tl, 09 UT I n 2 0 3 , TiN, A 1 N, S i N x , 
WN X S?#3M7* e>tV5. 1 0 0 0*CW±OiSi§T- 

**©-C**iUU ^^.x^ >*©&«» 
[0 10 6] &«tm«©»*Mi©a^*m£^;**8- 

Kfct, *^S*©±#£ J: 6*?»«tt*(ETf «HUH 
mttW*7T7)l>l$.g.Z1%.m£l*Ztztb<D-?7>#bLX 

[oio7] St, *fce«tt©ffi^tt**£^;**fcUT 

^fcO Z t MSmx-tb hXo &3&7-©*B£, ***#4 



[0 10 8] WJtCiac, ^©#^SrfS* 4 bfcv^ 

i«a±-rss!ja©*fc*>i\ e.n^o 

[0 10 9] £fc, ±IBfl86ff^T-l£J5&ft8ffii:bT, 

«MgAl 2 0 4 $?©atS£fflOSCi:*»T-#3. 
[0 110]*6C, *8i8tt8{btt£ft;#to#ilH*fc 
ffl ^ fc ft*3R & 6 T , ^ ^ (c 4, T- * 

•5c mzn^T/u ziza^xa, gatett^©^^^ 

RS?ga©[S«t <fc S8fite©fa±t: <t0> * * 'J T©& 

&#[qi±-f a. 

[0 111] (»7©3SM»!B) B9s HI OttfcftW 

©is 7 (DnmBmtz&t) h mtwjh^m tt\s~ir*®.w 

^ / ^ - HIT- & 5 . 

[0 1 1 2] H9£:fcOT\ 10 1W77^7SE 
102lt7X^kUOSi0 2 I (0. 3^im), 1 
0 3fi7-> K-7*GaN/f (3jum) , 1 0 4<£n-G 
aN3>££hJl (S i 5xi0 18 cm" 3 , 3 

Mm). 1 0 5l±n-Al 0< o8Ga 0t g 2 N£-7y HJi 

(SiF-7, 1 x 1 0 18 c m~ 3 , 0. , 10 

6(in-GaN«Si (S i F— 7\ 0. 1 //m) . 1 

0 7C±n-Al 02 Ga 0>8 Ntt'J7*-^-7D- 
S5±il (S i H — 7", 1 x 1 0 18 cm" 3 , 2 0 nm) , 

1 0 8lZm&mX&Z. tSltm l 0 InGaNI 

— 7", In 0i2 Ga 0>8 N, 3 nm) * s 
5Ht^ft£&trI nGaNPfMH (7'>H— 7", In 

0.05 Ga 0.95 N > 6nm) ft% r <£Z3.?#F i ffi& < sc 
H-MQW) i:7&:■DTl^^., 

[0 11'3]*6t, 10 9Bp-Al 02 Ga 0i8 N 
'J7^-^-70-Kii (Mg K— 7", 1 x 1 0 
"cm -3 , 2 0nm) s llOttp-GaNW^S (M 
g F-/, 0. l^m), 1 1 1 l±p-A 1 0 Q8 Ga 
y2 N^7-?FI (MgF-7, lxl0 18 cm" 3 , 
0. 8/im) , 112lip-GaN3>^^hl (Mg 
K-7", lxl0 18 cm" 3 , 0. 8/zm) , 1 1 3 liP 
t ( 1 0 nm) /Ti (20 nm) /Pt (30 nm) 
/An (l>um) #g£©pffiJ1i& 1 14ttAl/Ti 

/AuiisCnitfe 1 1 5 lis i o 2 mmx& 

(ttfflt^ff) tttT i0 2 /Si 0 2 &^/i(3«®U 

[0 114] E|9t?Ji*1-fltj§©«jS£iSlix WToao 
T-$>2>o -y-7T-<72£«l 0 1±C, Ell 0 

(a) lZ7j\-fX6\Zs CVDffe-CJfMbfcS i 0 2 Jf 1 
0 2tAft»tWai/fcv^*ft«j(Sr4. -©S iO 
2 v;**©Jimfttf**£©lttt, 1t7 7-f7Sffil0 
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1 b.T> H-ZGaN 1 0 3 O»?^fiE*<0 1 %&LT£ 
&2Ht7y H-7GaN 10 3© < 1 - 1 0 0> # 

CO 1 15] fc^T* fi*i»l8§Vl? 1 2 0 0'C£T-#?fi 
UT, KlfiCD-y— v;u^'J tS i 0 2 

0 2©7 , --U>y«:*iafc8Waa*:«l^*- s 
j^£5 0 0*C£TRiSU h 'J *?-)l<J]<)'y£>RV ( 7> 
*z-713*t** iJ7'j!f^«:WI&bfcja»]©M0CVD 
ffitiD, 3fl-HGaN£fiKft1-;5. S^T, &£& 1 

1 0 O'Ctc^i&U lHS7>H-7GaNI 1 0 3£ 

aNi ! 5 0 O'CeaftKftffCjftftU 1 1 0 0*C£#fi 
■TZZtX-AftmViOGa.NfrBl&ZnZo mix* 3 

K-T'GaNl 1 0 3tfJfM*fiS. 

Co 1 16] «t5»aet2E^ntt % v^^BBPSPtam 

-r^^ 1 0 2CDa®«^^>Ttft^(Plt:{cJf U 
fc£f*LT, SaiEtt&^fiS-rs. GaNIl 0 3 

«, GaNii o 3<D-&m$y.±.<Dmmn±* 

1 0 2<DmftB±T-&-3X&, fttti'#StS«l«ts 
CO 1 17] Sfc, CVDitMl/fcSi0 2 11 0 

t>jg«T-7'^-'; >^fcfr*>«ec*fc% ^fbf9*igf*fi!cft 

<b#J*^<£A s S i0 2 a 1 0 2±£6SHKR!l£dlftlT 

[0 118] &<^T\ ^aUBSftft, n-GaN3 
>££hJI104, n-AlGaNi'7'J 0 5, 

n-GaNigi&Jf 106, n-Al 0 2 Gay N** 
';7^-n-7P-fiSltil0 7, MQWrSttJflO 
8, p-Al 0>2 Ga 0 ,8 N** U T^—J^-7 
lhI109, p-GaNi»KJBl 1 0, p-Al 0 , 08 G 
a Q.02 N *5y HJB1 1 1, p-GaN3>^^hil 
1 2£j£&J|£jftrS. 

[0 119] ifcot-, ±B>I«JBO-»SnIOaN 

DBfcSU /tf«U StHUfenSGaNny^^ 
M10 4C»S!:n«ia 1 1 4 £JFM-f So St, 
^itOS±S!Ti65plGaN3>i'^ bJffi 1 1 2tli 
^ h5-f7 , ^(Dp{piJffi@l 1 3£ffM"f 5„ £©t&£\ 

aaiLfeafb^wftJBosiHitts i o 2 n 1 1 st-« 
[0120] w±a)y;?iT-^^;h,fc^b^iF^«^i/ 



tzt^z, SKrcsFSfctfftJBfff* e>nxvNfc 0 st, 

K@iga«^eail (TEM) Hg£fT^£i:C3, & 
iSfcl^B i: ¥S T-JS- fc MS £ M * 3 M Q Wfitit #[fts£ 
SftTi^S^fcjWSSETSfc. St, #@SM4"©H3ite 
fii&JSUtft 1 0 5 cm" 2 i:f£^t»OT-fe^fc. 
[0121] ±ao^#tt#JSmSJKdcLfc>>x 
>^£, ftfSt§ft#2 5 0/zmt«e5 i-St^yT'fbU 

*88l*u— tr*ffj«l/'fc. cn&©*«|8*u-tft:«at 

iiA*'i7r>tztZ.?>, «S4 1 5~4 1 7nmT-^iSS 
*W8ffijW*&£*lfc. J?l?©iMtSE»i4. 8V±0. 
3 V, L,£uflS*S6ffi£<;tl. 5-1. 8k A/cm 2 
T-S^-to $e>£, ^iAfi?)9 7 0 /oW±Ol?t'10 

0 o 0B#P5u±cDSsa^SA s ^i?.^nfco — * N 7 

rr 5 ; W8 ft £ f f & v > f n - © *m ft u - "tf & (fcf£ L fc 
#SMt+0»a«£{affi*tt 1 0 n cm- 2 flJSi: 
^^CDtoftmEI±6. 2V+1. 5V, L*V>tt 
mo?t^(±2~5 kA/cm 2 £; l£ £ -3 £ § < , S 

[0122] c©j;3K*3?«SflS!B«u ■y-7 7"f7 , a« 

1 0 1 ±ic:A^ff2©8flo><* z> sio 2 ?^ 

*102£ffMU ;©V^^Jt!:GaNI 1 0 3 £^ 
y-7;u^ft**«JfflLTJBJ*-r*ci:tJ:0s Mil£<£* 
©^&B©'>&v>i6SK©GaNJf 1 0 3S:Mt5Ct 

* t>©|qJ±£03Ci;3!) s T-££o 
[0 12 3] **S£JBJB-Ctt, 010 (a) Xm 

istiAnB<z>ffln^#->zm-rz s i o 2 1 o 

2^fflV>tAs, HI 10 (b) T-^r=^BO^P^^- 
tftX-Ztzo $e.C 010 (a) T-fvltA^i-'^ 

->£sio 2 ©sfcuxffl^fcJi^-, mm^mi o 

(b) TaLfcE»^->&Si0 2 CDfti:bTffl 
[0124] (Jg 8®^MJi) 01 H±, 

frTmwmx&Zo illt©3 0 1~3 15li 

EigcfcO 1 0 1~ 1 1 5tCfBi3l/TO£. 
[0 12 5] t7 7-f7SfS3 0 l±tl±, 
^i:UTiP?0. 3^m©S i 0 2 il3 0 2 aA s Jfc/$£ 
ft, ^ C±CS$ 3 /im(07 > H-7G a Ni 3 0 3 a 
#ffM£ftTOS. GaNJ13 0 3 a±K(£, ^ 2 
^^i;UTff$0. 3 Am0COS i 0 2 ^3 0 2 b* s B 
fig^ft, -?©±t;JS£3Mm©7->K--:/GaNji3 0 
3 b*5ff^Sft-C^S. 

[0 12 6] L-T, GaN13 0 3 b±L(±, $fc©^ 
7 (DmMftmtfflfflZ, n-GaNa^* ^/iS3 0 
4, n-Al 0t o 8 Ga O S2 N^7'VFS3 0 5, n-G 
aNi?fti3 0 6, n-Al 0 . 2 Gay 
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— ;\-7D-Kil3 0 7, SCH-MQWSt£Jf 3 0 
8, p-Al 0 2 Ga 0 8 1***1) 7*-;*-7a-ffi 
J±J13 0 9, p-GaN^t!3 10, p-Al 0 08 G 

1 2, p(PJj*S3 1 3. n&mm3 14, S i 0 2 tt» 
H3 1 5i ! JfM?ntl^o 

[0 12 7] *SfiSff»>^®^7©^fi£ff5ffii:S%S 
^(i, S i 0 2 ^^^^^l^Lt^^^JUsSiftSr 2@f7 
•5di:T-$)-5o t¥^>Tx n-GaN3>^ h/f3 0 4 

(0128] 1t77-f7SIS3 0 lJtC, 0 1 1 

lCjjVr«fc-5K> CVDJ£T«ltSiO 2 13 0 2a 

(cA^ffjcMnufc^^f £jfM-f£o :©sio 2 7 

mm~, tC77-f7ltS3 0 1i:7>h--7'GaN3 0 
3 a©*&^F=F^©l%WTi:U §2iiT>K-7"G 
aN3 0 3 a© (1-100) ft fC^ffiC&S <£•?{:: 

[0129] mmmw&x- 1 2 0 ccst-ins 

LtaffiCt-T;^ U S i 0 2 7X^30 

5 0 O'CSTKSU h Vy^l/tf'J V&RZFT 

Dati5 3OTGaNS«It5. lot, 1 
lOO'Ctdf^gU lB?H7yH-7GaN13 0 3a 

[0 13 0] K^T% SJKSxO 2 M302b^CVD 
&T-Xmis, 7>K-7GaN3 0 3 a© (1-10 
0> XfotWnlZ^ *l3//m, fflffl2 OumCDZ. h^-i 
-J-v^tttlWrf** JfcV^T, ^#H^,T- 1 2 0 0*C 
STiSbt, v;i<£ S i 0 2 

-?©&> i i o o-cs-t-i^igu h v*?-ji>xv 

'5AM7>€z7^J:*t i ;7A^^U IBS 
P^7> H-7'GaNi3 0 3 b%m&?Z>o 
[0 13 1] tf^Ts ^:g,tC*g-r?.c:i:ML(C. n- 
GaND>^ bJI3 0 4fciP££ffMU 4^f*U-tf 
^ft/ST-So d©t§£, b-tfWM^©ft¥^lPl^S i 

m ?n t4 & ft ± £ -y- •& 3 £ * s r- s s » 

[0 13 2] W±©^gT-^m?nfcSfb#j^#aS{*^ 

-1fffl^iiII&©TEMiai££*fofci:;:3, Hilfcfig 
Jgli, 7>H-7 , GaN13 0 3 a©+t^l0 5 cm 
" 2 £T\ Z> H-7GaN13 0 3 bX ±M^mm 
<P T- ttft 1 0 3 c m -2 £ T (S i«T- * £ o 

[0 13 3] fti:, ±j£©®£K£#T3**?{^iIl!££ 



mT-gjgiii^^sA^i?.?nto m^omtmmz 4 . 

8V±0. 2V, bffO(S«^Sfil. 5~1. 6k 
A/cm 2 T-fe-pfc, <7x;\ft©9 9%y.±© 

^?T- 1 5 0 0 0l$P^W±©£&Sl^fMA ! 6II?.£il 

to 

[0 13 4] d©«t^{:*H«^T-ti> 2@07f7 
;i/fSft!w i-3tS7 © USS^Jiset t) ^ S & 5 Miitete© 
fg$ £ (2 A> 5 - i: * S T- £ v &f£llf ©# fcB 7j^© b — tf © 
^^i4A^*I(3(qi±1-S©^^e»-r> fISH4©fq]±,& 
tf^gi; 9©ft±&03::fc* s ^s£i:&5o 

[0 13 5] fcfc, *^Sgff^T:<i. HI 0 (a) fcfl* 
LfcA»ila/^->Stt5S i 0 2 -7^^<£ffl 
OfcA\ ^©ffetc^Hl 0 (b) T-^-TH^ff^igP^ 
Mtc(±A^©^tt^5'->> E.ftJfJ©S«^ 
£->©UTftfr£;&<fr£frtfTfflOT&cfc ftTJf 
©Si0 2 -7^^ (302a) 
->T-$.nii<ti> 0 *H5Sff5©T-(i2[Hl©5'^7 
JUSftfeflSbfctf. i!3#<©77 i 7;Ufi!cft^:^!37l-r 

c -t-siife(4^* 5 Mt;/sM-c- * s c: t an a £ 

[0 13 6] W±s ^7&tf^8©IIJM£ffiT-t±, 

±{CSi0 2 £fflO£^£-K^Tlftfy3Lfca\ d©{fe 
KMt^¥^f*©fi£fii£J£T-£3 1 0 0 0°CW±©lS 

•So CT^bT, Ti0 2 , In 2 0 3 , TiN, Si 

n, wNx^A^ifen^o st, i o o o-ca±©s 

igT-W£tf±£*T£fc©T-£>W£, ^V^^V^©^ 

Lx-v-yy<Tmfczmzmftzi!)K c©m^, si, 

SiC, ZnO, MgAl 2 O4 ^©StSSrffl V»5> d i: 

[0 13 7] £tz, *^BgttSfb%S^^f*U-tl-©^ 

JBfflT MilSffi^©^ a B a^KI^S©f£i«^ <fc S*Sr B 
fSfeCDlRLhC «fc »K 4t(CS^DSBE* s 'i:-S^S^«?^*>' 

ttab*fqi±-r4. ^fc> Sfr/W^i:S^tli*t'J7 

[0138] 9 conmtm) n 2it *&w<Dm 

[0 13 9] 0 1 2t*^T5 1 Hi1t7 7^7iK 
fet), 1 l±i:iinIGaN^-y77l5 1 

2tfM^tlTU5. GaN/^777l5 1 2±tttS 
i0 2 v^^5 1 OA 5 * h^-CT'tttUfM^^ d©»v 
*i^5 1 0Sffl^t/<y77f5 1 2liP^OS^iT- 
^•>^yy^tlT02.. GaNA 7 77l5 1 2J5WS 
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i0 2 7X^5 1 0±(clinSA lGaN^7-yHI5 

1 3#7^7;i/$fl£*JfflLT¥il£ffM£ftv *©± 
tit 7>h-7GaN^*WKi5 14, InGaN 
/InGaN*6^5if#Pl5 15, pSGaNjfe 
*VHB5 16, p& A 1 G a N * 7 * KJB 5 1 7 #Jfc 

[0 14 0] it, ±8a©8IJB«iSfW4, 
•5?HI5 1 3£»fS£T— SMfcSStU fiffil/fc^ 
9* KJf 5 1 3±fcttn{M«ffi5 1 9i s Jfcric£iiTH 
-So pMA lGaN*7 v F/f 5 1 7±£fct > (gffi^p 
gJGaNrJV*^ hJf5 1 8 <£^UT p0Jlttfii5 2 0A S 

ffMsnt^s. z.ne>oti5i9, 52o«±^n-? 

3a 3 mfl K iS^ $ ftT V> 2> „ 

[0 14 1] CCt, ftlOttWlfttttMOCVDt 
(SffiLTi>-5o Pgf&flfilSrft-f SGaN (5 1 

2) /AlOaN (513) Cv^Og^SfFSfci* 
nSGaN15 12©{SMt:?^i'J:'Ec5SiO 

2 ^^•^TM$ntii!) > *©f£fc— o©«#2 
>umfc:&.5«fc-5fc:u^;* h Srffli^T^* — fro 
fco Cl©i:#, nSGaNI5 12C-S{4x7fyy 
=£fTO. *©'{£, a«©tSJl«ft*ffofc. fc*5, 
SEJ^JBT-liStEfilSnSi: bfc#, cnttt^^SSdl 
* s p3?©lI£-fc:*>®fflT-&S. £©»■&, pSGaNl 
±CSi0 2 mwz.tr $m*J&&ir&Z£tZl3iZ. 

[0 14 2] &nmm<offif£T'&, &mmm*M-rz> 

^"rvmsoi-mzs i 0 2 T^^-SMl, ^ffl±tc: 

5? -;>^©?S£&fg nMAlGaN*7?F 

^©3MI¥#U— -tfObS^ffifct, lkA/cm 2 T-fe 

i ocDmMBW m 1 0©Hi®ffiflST-tt, * h5-f 
i 0 2 ■VT.t&BfiS.-rZJjft&MfcZlts 7? 

^SfitgjSK (MOCVD) tCfc^ffofco 01 3 

(a) l±, 1J-7 7-f73ltE±KGaNJf £8)2. 5/im 
/£«U Witiftl. 5^m©^h7-f^Si0 
2 ■?Z?*&)3 umfflffiX-y-7 7"<7&&<D < 1 1-2 

1 ) Jjft. tSiJ^GaNCD (1-100) tfloJtCffM 

bfcti&CWT-fcS. 

(0 14 3] 013 (b) l±, ^7 7^f7Sffi± 

(;GaN^S2. 5 AmfiJcft bfemiiai: |3lftSI6±t 
*g*>J 1 . 5jum(DZ h7^7«Si0 2 -TZi/ZftZp. 
mX-rSmX\ 013 (a) i:l£9 0° f» 
t»t,tf77-i' T^fRCO < 1 - 1 0 0> #ffik ifeliGa 



1 3 (a) , (b) tt££g«?8in% (SEM) tz«t 

[0 1 4 4] 01 3 (a) T-tt, S i 0 2 

StfiSfTU S i0 2 v^^tf#ffi-TSgB7>T-(±, 77 
£©ji^A»e>7T7jl'J&flA s {&l;*iX.. -7*£<$ffegBT- 
GaN»i«£l*U $e>i:«fiA 5 Mtfi:GaN@A55pifl 

[0 14 5] 013 (b) T-tt> S i 0 2 77^ 

* s ??Sb^<->g|57>t-l±fiicft* s ili?f U BfS* 5 H^©S 
^1±©SA S S i 0 2 V7?®7h7-f 7£¥-ftlZftZl&£ 
tiZtiK ■vztWIf&tZSB.frX-ttLlfc&.&m'a b&<,>„ 

[0 14 6] tliCJSIi^. M0CVDi£T-liXh7 
-T:r#^;*.£ :M7«I£© (1 1-2 0) ;£|qk 
t&^GaN© (1-100) JjftK.Jfcf8.-r Z Z. £.& 
M£L^Z£ft£>frZo 014, 01 5117X7^1 
7SfS© (1-20) ^T(ql, -T&fc 
*>GaN© ( 1 - 1 0 0) JjftK, Si0 2 7h7-f7 

•fo -y-77-f 7'««i:GaNJlfc©#®T-$g£b;fcH$I 
[0 14 7] -Jjs Jb^aEtSflSfl-Ttt* 

-^•©igC'NCiSfsw^^n^. fceu 
[0 148] v**jsjEa5K3q£?-5Sj®«E{4 

jjftiz&m? z> jiaetu©* * s #s-r s «t a t-^ s « 

[0 14 9] TUt>%, Jiatei4ttv^^3&»&ttnfc85 
7>T-l±^*fiJ5^ft?5TRHceiSt-^d 5 s v^<7±*e> 
■?-©^iagB(C*»JtTtteffi^S?&^{c[£i«T-#So ± 
7 t 1 7;t,mfi* ! tSii^ ti¥ffi^ G a N^MA S ?# h 
ti^^Zir<DBl&Jjft^MtR.Ls w.K-?z?<Dxmmt> 

(» 1 1 ©^fflUBffi) « 1 1 ©HJfi^JSTtt, S i 0 2 
^©7-7^ Wfcf&lTZ TJtS*tfit bT G a N tffll^fcW 

£<fctfA 1 GaNSffl^fc4B^toi>t, 
/Sft1ftt5rP^lt;li(bfclS^$:^t"o GaN©fS;S«H5 
IBslfi£ff$*J t |S|« (Z*M^Hri*afi)cft (MOCVD) i£ 

[0 1 5 0] 01 6Ji, tt77^7SfSiCGaNI5: 

i 0 2 "^^t^ H5-f 7TaURft3^im?JKJ«Ufc*»© 



(14) 



4*BB2000-21789 



^fSSStSi: bfcff'Jfc^f. 01711, V-yy^Y&Wi. 

[0151] S i 0 2 -?.X^©;*. h^-f TVD^IqlBU £l 

1 0©HiSff$!iT-^Ufc«t-5(r> MOCVDi£{Z*j^T 

2 0) #|rK tmGaNffl (1-10 0) fifatt 

[ 0 1 5 2 ] @ 1 6 % EI 1 7 (±, ^«S«^iP.eSf^ (S 
EM) lrJ:DK14feWf®*»?>«»Lfct»©T?*>S. 01 
6, 01 7£^1-«fc-5t^ £*>e>©»f£±T-*>v SiO 

-T-GaN©fig||#jIfT S i 0 2 v^O*s#aE-rsgp 

spigtt© <fc G a N/1 * 5 J# h titz, 

[0 15 3] LA 1 01 6(C^1-J:dlr, Ga 

N/-y-7 7-f T-OSIIlfllJSitS i0 2 vX^S:tt5 

^S£3S^jsm^ tc^a -r a fit «t d # n*: t> © fcs 

[0 15 4] HI 1 7C^f «fc-5£, AlGaN/ 

G a N/tf 77^ 7©a®«ii±C Si0 2 * 
^-•5ti^(c{±, v;^±t::#-f KttlBKSnr, 
^riMUcfctK GaNJf T-#*iW::S#>£>ttT^5. £ 
7tv^^©Tgf5(c^7 ^©J:-5(c, S 

i 0 2 3?©v;*.^£J£g!<;U ^©il:GaNf£97f7 
;US*£fT -5^tffl^5S«©»@tCA 1 GaNSffl 

[0155] ±ia©s i o *j«tv»-i i (Dnmw^mx 

0) J5f(qk ttotGaNO (1-100) IS&hWff 
CMt5Ci:i(i s i$L<> (#»□») ©Btt 

(liO^maihU vt;^©SPR (MClSfS©*g) tti 
0/irattT, »S L/<tt2^mWTT-feSdi:* s S*L 

[0 15 6] Sfes ^^v^ftSr^U^-fr^fcfe©^ 
^^^ff^1-S*tgi:bTJ±, D-7 7-f7Sffi, SiC 
SiSfc GaAsSS, GaPSfc GaNl 
fomosw ffiia^^itlnj Ga y Al z 
B!_ x _ y _ z N (Ogx, y, zgl) £Jf^Ufc«{£ 
t^M^lA^ T- & S i 0 2 
HtfGaN, .fc&Jf* U < l£ A 1 G a NT-fc 6 i: 
ji/j*«fc.fc!)»&ftfcJ&©&H* t &^. A 1 G a 

N#T%©t^l±> F^^-^^^A^t^o. ±13 
©TitWifcbTOU AlGaN, InGaN, AlN, 



GaN, jsXVZtlZOttniZBZmULtzttU, 

o^fte>©«/nnitf$F£ u>fc^*a. 

&S£L^A ! s In x Ga y Al z B^.y.j N (0 
^x, y N 1) 0flxl:£> vx^J 

ffM Ufc A 1 G a N/G a 7 7-atg±(r A 1 

GaN&7f7Mft^ttt^ 0 

(Hi 2commm) % \ 2<DmmBmz-&. g&n/ 

V-yT^rm^ *JJ:U t AlGaN/GaN/-ir7 7<f 

7S<s±i:, ^ i o <D%mm-CK ufcir 7 t"C t»£ 

© <1 1-2 0) #[qI, t^b^GaN© (1-10 
0) ^|q]^*l 1 2 jum©S i 0 2 £ 2 fimfSMX- 

JfeJEfcU •€-©±HGaNl&f>Jl OjumfiKS^-a-fca® 

[0 15 7] Sfc, a«©»n£J:*iNM*U — tf©# 

1 ©USSffJSi: So ^mmBBX-it. I n G a 
N3Rtli?#P (MQW) ©#p^±2i:r5o 
[0 15 8] U-1f-JR*fcm£Lfc|g** GaN/if 
77-f T««±CfHBUfc*?ttt^, AlGaN/G 
aN/tr^T-YT^tS^IZ^Kbfc^?©^* 5 , S5^# 
fgs D#f#6nSCfc#«3Lfc. SaN/t77-f7 

*x* s £l;£i§-£A 5 ;J?S. AlGaN/GaN/t7 7-f 
Taf£&£l<< i!5IS©<fc3&f£ft©i!lftfci:£ 

fit££ffi<^.5iu AlGaN/GaN/1t77-f7af£ 

e>©e£*4T-*> 1 0 4 cra" 2 Sfi7t. JJjtl/— If— 1f 
14© If ffi ft -3 fc o luI30 i:" *. h ©IS*4T- * 

T-«, Hle«9E«fta» 2 . 3kAcm -2 , »^«ffitt 
$tj4. 8VT-$>-3 7t. Sfc, AlGaN/GaN/f7 
7-f7afiSffll^SB*ftt, HflS*«ES?JStt& 1 . 8 

[0 15 9] »t> SSItt^i^SMU #Sl^lftfr£ 
|p3fibfc. GaN/l7 7 7'l'7 7 »gftffl^fc«^T-(ix 
5 0 0 OI^|fflSft3S8E»^«:«sabfcfefc Sfc? 
©ffij^«E* s ?t-<?{3±#-r2.(kSlql* s l,e>tl, 
8 0 0 0P$F^t^7fc, cntcMb, AlGaN/Ga 

u/y-yr-<7m$.*H^tzu-y--%?Z'i&, 900 
©B3(f«E©* s ±r^ ! me>n/iA s . wisoo ontFtg© 

[0 16 0] GaN/-t7 7yf A IGaN/ 
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G a 7 -f 7a«6fflV^»&Tlt ^1 lOl 
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